Aims: To investigate the prognostic relevance of vascular endothelial growth factor (VEGF) and its receptor Flt-1 in nephroblastoma and whether tumour microvessel density (MVD) immunoreactivity, determined by the CD31 antigen, is related to the expression of VEGF and Flt-1. Methods: The expression of VEGF and Flt-1 and MVD were investigated by means of immunohistochemical analysis in 62 Wilms's tumours. Patients were treated preoperatively with chemotherapy and had a mean follow up of 5.7 years. Results: In general, VEGF and Flt-1 were expressed in normal kidney parenchyma and to a variable extent in the three main components of Wilms's tumour, namely: the blastemal, epithelial, and stromal cells. In tumour tissue, 52% and 47% of blastemal cells were positive for VEGF and Flt-1, respectively. A non-significant correlation was found between the expression of VEGF and Flt-1 in blastemal and epithelial cells and the clinicopathological stage. MVD was significantly higher in VEGF and Flt-1 positive tumours than in VEGF and Flt-1 negative tumours. Univariate analysis showed that the expression of VEGF and Flt-1 in blastemal cells was indicative of clinical progression and tumour specific survival. In addition, MVD expression was indicative of clinical progression. Epithelial staining was of no prognostic value. In a multivariate analysis, VEGF protein expression by blastemal cells was an independent prognostic marker for clinical progression. Conclusions: These results indicate that VEGF and Flt-1 protein expression are closely related to MVD and seem to be an important predictor for poor prognosis in treated patients with Wilms's tumour. Therefore, the expression of these molecules in primary Wilms's tumour may be useful in identifying those patients at high risk of tumour recurrence and in guiding antiangiogenic treatment.
W
ilms's tumour is a paediatric malignancy of the kidney and one of the most common solid tumours in children. 1 Despite the remarkable response to chemotherapy, 5-10% of tumours are fatal because of the occurrence of metastases and drug resistance. 2 Therefore, it is important to find markers that can predict recurrence or the development of metastases so that we can screen for high risk, early stage patients, who may need preventive chemotherapy or other adjuvant treatment. In solid tumours, it has been suggested that angiogenesis plays an important role in tumour progression and the spread of metastases through the bloodstream. 3 In fact, tumour growth beyond 1-2 mm is strictly dependent on angiogenesis. 4 "Previous studies indicated that vascular endothelial growth factor and its receptor Flt-1 play an important role in tumour metastasis, and are associated with poor prognosis in clinical human tumours"
It has been reported that several growth factors with angiogenic activity are produced by solid tumours. 5 Vascular endothelial growth factor (VEGF) is an angiogenic factor that is highly specific for endothelium, and also functions as a vascular permeability factor. 6 VEGF has been identified during normal growth and development in the kidney, and it has been found in genitourinary neoplasms. 7 8 The fms-like tyrosine kinase (Flt) is a transmembrane receptor of the tyrosine kinase family, which has been identified as a receptor for VEGF. 9 10 Recently, the expression of VEGF receptors has been detected in several types of non-endothelial cells, such as melanoma cell lines, some leukaemic cell lines, and retinal progenitor cells, suggesting that VEGF receptors are not restricted to endothelial cells. [11] [12] [13] Previous studies indicated that VEGF and its receptor Flt-1 play an important role in tumour metastasis, and are associated with poor prognosis in clinical human tumours. [14] [15] [16] It has also been reported that tumour angiogenesis, as reflected by microvessel density (MVD), may provide prognostic information in carcinomas of the breast, the uterine cervix, and the ovary, in addition to a variety of other malignancies. [17] [18] [19] [20] [21] With regard to Wilms's tumour, one study using a murine model reported the overexpression of VEGF in a highly metastatic Wilms's tumour line. 22 However, the clinical relevance of this animal study has not yet been demonstrated. In our present study, the prognostic relevance of VEGF and its receptor Flt-1 and the association of their expression with MVD were determined in patients with Wilms's tumour who were treated by preoperative chemotherapy and radical nephrectomy.
MATERIALS AND METHODS

Patients
During the period 1987 to 1999, 62 patients with nephroblastoma were treated by neoadjuvant chemotherapy and Abbreviations: BSA, bovine serum albumin; DAB, diaminobenzidine tetrahydrochloride dihydrate; MVD, microvessel density; PAP, peroxidase-antiperoxidase; PBS, phosphate buffered saline; VEGF, vascular endothelial growth factor subsequent tumour nephrectomy. After treatment, the patients were followed regularly and all data concerning diagnosis, treatment, and follow up were stored in a database. Clinical progression was defined as histologically or cytologically confirmed local recurrence or the appearance of distant metastases. Tumour death was defined as death resulting from the direct effect of metastases.
Sample selection
All nephrectomy specimens were fixed in 10% buffered formalin and sections routinely obtained from the most vital appearing tumour areas were embedded in paraffin wax. The haematoxylin and eosin stained slides were reviewed by an experienced paediatric pathologist. The tumour stage was assessed according to the SIOP trial protocol established in the SIOP meeting in Stockholm in 1994. 23 Among the tissue blocks available from individual patients, tumour samples containing the three different cell types of Wilms's tumour were selected. In addition, adjacent normal kidney tissue was taken from each patient.
Antibodies
The following primary antibodies were used: rabbit antihuman VEGF and Flt-1 polyclonal antibodies (A-20 and C-17, respectively) from Santa Cruz, Santa Cruz, California, USA and mouse monoclonal antibody against CD31 (clone JC/70A; Dako A/S, Glostrup, Denmark). The specificity and characteristics of these antibodies have been published elsewhere. 3 11 12 Immunohistochemical staining procedures
Rabbit polyclonal antibodies against VEGF and Flt-1
The PAP (peroxidase-antiperoxidase) immunohistochemistry technique was used and applied to serial sections (5 µm) from all samples, which were mounted on 3-aminopropyltrietoxysilane (Sigma Co, St Louis, Missouri, USA) coated glass slides, and which were subsequently incubated overnight at 60°C. For antigen retrieval, the slides were microwaved at 700 W in 0.1M citrate buffer at pH 6.0 for 15 minutes. Sections were incubated with 10% normal goat serum (Dako A/S) in phosphate buffered saline (PBS)/5% bovine serum albumin (BSA) for 15 minutes. Subsequently, the sections were incubated with the primary antibody for one hour at 37°C in a humid chamber. The antibody was diluted in PBS/5% BSA at a 1/75 dilution for VEGF. After being incubated with goat antirabbit antiserum, the PAP complex (Dako) was diluted in PBS/5% BSA and incubated for 30 minutes, after which antigen antibody binding was visualised with diaminobenzidine tetrahydrochloride dihydrate (DAB; Fluka, NeuUlm, Germany). Negative controls were included by replacing the primary antibody with the IgG fraction of normal rabbit serum. Normal kidney tissue, which was present in most tissue specimens, served as a positive control.
Immunohistochemical staining with rabbit polyclonal antibody to Flt-1 was performed in the same way as that for VEGF, except that the microwave treatment was omitted. 15 The dilution of antibody for Flt-1 was 1/30.
Monoclonal antibody to CD31
Serial sections of the same specimens immunostained for VEGF and Flt-1 were used. The immunostaining procedure was similar to that of VEGF, with the exception of microwave treatment, which was performed by digestion with 0.1% trypsin for 10 minutes at 37°C. After rinsing with cooled PBS, slides were incubated with 10% normal rabbit serum for 15 minutes (Dako A/S). Subsequently, slides were incubated with the primary antibody to CD31 (Dako A/S) for one hour at 37°C in a humid chamber. The antibody was diluted 1/10 in PBS/5% BSA. After being incubated with rabbit antimouse immunoglobulin (Dako A/S), the PAP complex was diluted in PBS/5% BSA and incubated for 30 minutes, after which antigen antibody binding was visualised with DAB (Fluka).
Immunostaining analysis (quantification)
The slides were examined at ×25 magnification without knowledge of the clinical outcome of the patients. The proportion of tumour cells staining for VEGF and Flt-1 was graded on an arbitrary scale of 0-4, namely: 0, no positive tumour cells; 1+, < 10% positive; 2+, 10-25% positive; 3+, 25-50% positive; and 4+, > 50% positive. The specimens were regarded as positive when the percentage of positive cells was > 10%.
Microvessel staining and counting
Immunohistochemical staining for the endothelial marker CD31 was carried out to evaluate MVD in tumour tissues. The number of CD31 positive vessels was recorded by counting any positively stained endothelial cells or endothelial cell clusters as a single, countable microvessel in a ×250 field (×25 objective and ×10 ocular; equivalent to 0.64 mm 2 /×250 field) in the five areas with the highest vascular density. The mean of five counts was used as the MVD for each case. MVD was performed by two investigators (GM and MRB), neither of whom had knowledge of the clinical outcomes, clinicopathological features, or expression of VEGF. MVD was not only analysed as a continuous variable, but also as a dichotomous variable, defining < 15 microvessels/field (0.64 mm 2 ) as less vascularised and > 15/field as highly vascularised. The results of the CD31 counts were expressed as a mean (SD).
Statistical analysis
Statistical analysis was performed using the SPSS 9.0 software package. The association between VEGF and Flt-1 expression and clinicopathological features was analysed using Pearson's χ 2 test. VEGF and Flt-1 immunostaining and its association with CD31 counts were analysed by the paired sample t test and the ANOVA test. For the analysis of survival data, Kaplan Meier curves were constructed and the logrank test for trend was performed. Multivariate analysis was performed using Cox's proportional hazards model, with p < 0.05 being considered significant.
RESULTS
Clinicopathological findings
Twenty six of the patients were girls and 36 were boys. The stage distribution was pT1 in 22, pT2 in 19, and pT3 in 21 patients. All the tumours studied were of the classic triphasic type. Three of the patients had low risk tumours, whereas 59 had an intermediate risk tumour. The mean overall follow up period was 5.7 years, and the mean age at surgery was 4.7 years. Clinical progression occurred in 14 patients and seven patients died from their tumour. At the end of the follow up period, 55 patients were alive.
Expression of VEGF and its receptor Flt-1 in Wilms's tumour tissues
Immunoreactivity for VEGF and Flt-1 was found in most renal tubular structures, whereas staining was faint or absent in glomeruli ( fig 1A, B) . VEGF and Flt-1 immunoreactive blastemal cells were found in 32 and 29 of the patients with Wilms's tumour, respectively. VEGF and Flt-1 immunoreactive tumour epithelial cells were found in 38 and 35 of the patients, respectively. Immunostaining was mainly localised to the cytoplasm of both the blastemal and epithelial cells (fig 1C-E) . Most sections stained more intensely for Flt-1 than for VEGF. In addition, VEGF and Flt-1 staining was seen in the stromal component of all the tumours studied. Tumour cells with relatively strong staining for Flt-1 were seen more often in the peripheral than in the central zone of the tumours (results not shown). Absent or faint VEGF staining was seen on some endothelial cells. Although increased expression of VEGF and Flt-1 was seen in both the blastemal and epithelial component of the tumours with increasing pathological stages (T1 to T3), this difference was not significant (table 1). Intertumoral variation was limited. Epithelial differentiation in tumours was accompanied by diffuse expression (fig 1D, E) .
MVD and its correlation with VEGF and Flt-1 expression Microvessels were defined by the presence of CD31 stained capillaries or small clusters of CD31 positive cells ( fig 1F) . The microvessel count ranged from 0 to 50 with a mean of 20.5 (SD, 14.8). The number of vessels counted in tumours with VEGF and Flt-1 blastemal and epithelial positive cells was significantly greater than that found in the negative tumours (table 2). The high vascularisation foci occurred most frequently within the tumour stroma. An increase in the microvessel count was seen in both the blastemal and epithelial component of tumours with increasing pathological stages (data not shown). However, some patients had a high MVD despite being VEGF and Flt-1 negative and some patients had a low MVD although they were VEGF and Flt-1 positive.
Prognostic value of the VEGF and Flt-1 molecules Univariate analysis using the logrank test for trend showed a prognostic value of blastemal cell VEGF and Flt-1 expression for clinical progression and tumour related death (table 3; figs  2, 3) . However, the expression of VEGF and Flt-1 by epithelial cells had no prognostic value (table 3) , whereas MVD had prognostic value for clinical progression but not for tumour related death (fig 4) . To test whether VEGF, Flt-1, and MVD had prognostic impact, a multivariate Cox's regression analysis was performed using the parameters pT stage, and VEGF, Flt-1, and MVD expression. The parameters that were not dichotomic were dichotomised as follows: pT1-2 versus pT3; immunoreactive score for VEGF and Flt-1< 10% versus > 10%, and for MVD < 15 microvessels/field (0.64 mm 2 ) versus > 15/field. In that analysis, the expression of VEGF by blastemal cells had a hazard ratio of 7.1, indicating that it was a predictor of poor prognosis for clinical progression. There was no independent marker to predict tumour specific survival.
DISCUSSION
Angiogenesis is essential for tumour growth and metastatic activity and is regulated by a variety of angiogenic molecules. Recently, several angiogenic factors have been identified, and VEGF is thought to be one such factor. 7 Our present study was carried out to investigate whether the expression of the VEGF protein and its receptor (Flt-1) has prognostic value in specimens of nephroblastoma, using paraffin wax embedded tissue sections. All the patients received chemotherapy before nephrectomy. The expression of VEGF and its receptor (Flt-1) in normal kidney, which was present in almost all stained tissue sections, served as an internal control for the immunostaining procedure.
VEGF is a multifunctional cytokine that acts in a highly specific way as a mitogen on endothelial cells. 3 6 VEGF is overexpressed in several malignant tumours. 14 An association between VEGF expression in the primary tumour and poor prognosis has been found in colorectal carcinoma, node negative breast cancer, and early stage ovarian cancer. An increase in the serum concentration of VEGF was also shown to be a predictor of metastasis in hepatocellular carcinoma and gastrointestinal tumours. [24] [25] [26] [27] [28] In contrast, a recent study by Kawauchi et al could not show a correlation between VEGF expression and either MVD or prognosis in synovial sarcoma. 29 With respect to VEGF expression and gastric cancer prognosis, contradictory results are reported. 30 31 A few studies have reported an association between the Flt-1 receptor and poor prognosis in human tumours. 15 16 In our present study, we have shown that the expression of VEGF and Flt-1 by blastemal cells in primary Wilms's tumour correlates with poor prognosis for patients with nephroblastoma. This is in line with the view that the blastemal component of Wilms's tumour is associated with increased aggressiveness of the tumour, with a higher tendency for clinical progression; that is, metastatic ability. 23 Chemotherapy is known to affect the cellular compartments of the Wilms's tumour-the blastemal component in particular. Having access to this type of material derived from a considerable number of patients with a good stage distribution, the aim of our study was to determine those factors that could predict the clinical outcome of patients after chemotherapy and surgery. We were able to perform a similar immunohistochemical study on material derived from a limited number of patients with Wilms's tumour who did not receive chemotherapy before surgery. Preliminary results of VEGF and Flt-1 staining in some of these tumours showed that the overall scores of the blastemal and epithelial cells are higher, but that these patients have a similar clinical outcome to those in the pretreatment group described in here.
"The significant correlation between microvessel density and vascular endothelial growth factor (VEGF) expression seen in our study suggests that VEGF is one of the major molecules responsible for neoangiogenesis in nephroblastoma"
Our immunohistochemical study also revealed that high MVD correlated positively with the degree of VEGF expression and poor prognosis for patients with nephroblastoma. Recently, Skoldenberg et al confirmed the significant impact of high MVD in Wilms's tumour on survival and also found that the serum concentration of VEGF in these patients was three times higher than that seen in controls. 32 The significant correlation between MVD and VEGF expression seen in our study suggests that VEGF is one of the major molecules responsible for neoangiogenesis in nephroblastoma, although the angiogenic potential is believed to be regulated by a balance between various types of angiogenic molecules and angiostatic substances. An association between VEGF expression and MVD has also been reported in carcinomas of the lung, stomach, breast, and vulva. 20 31-34 A high MVD may promote metastatic disease by exposing tumours to a greater endothelial surface area, thus increasing the likelihood of haematogenous dissemination.
14 In addition, the production of VEGF may enhance the metastatic capability of a tumour in several other ways. 35 36 Although the reciprocal role of VEGF in tumour growth and chemotherapeutic efficacy remains to be elucidated, our data support the independent prognostic value of blastemal cell VEGF expression, which has also been documented for patients with oral squamous cell carcinoma treated with chemotherapy. 37 However, Albo et al have shown a possible correlation between tumour MVD and chemosensitivitythey found that tumours with a higher MVD are more sensitive to chemotherapy. 38 Because the delivery of chemotherapeutic reagents to the tumour is largely dependent on the blood supply, VEGF induced neovascularisation may in turn favourably affect the response to systemic chemotherapy. 39 The finding that an enhanced vascular supply stimulated by VEGF induces an increased risk of metastasis suggests that antiangiogenic treatments could be a potential adjuvant therapeutic strategy for the prevention of metastasis after the resection of the tumour. In experimental animal studies, anti-VEGF antibody (A4.6.1) successfully suppressed both primary tumour growth and metastasis in a murine model of anaplastic Wilms's tumour. 40 These results, together with the results of our clinical study, suggest that antiangiogenesis treatments, such as ligands that antagonise the interaction of VEGF with its receptors or antibodies directed against VEGF and its receptors, may prove useful in the management of Wilms's tumour. 41 42 In conclusion, the results of our present study have shown that the expression of VEGF and its receptor (Flt-1) in primary Wilms's tumour correlates with an increase in MVD in the tumour tissue and poor prognosis for patients with nephroblastoma. These findings suggest that VEGF secreted by nephroblastoma cells elicits neoangiogenesis. If these results are confirmed in additional studies, VEGF, Flt-1, and MVD could emerge as additional parameters for predicting the outcome of patients with nephroblastoma. VEGF and its receptor Flt-1 may also be considered as potential targets of an antiangiogenic therapeutic strategy. 
